Abstract: A pastoral boom led to higher farm and manufacturing productivity and to New Zealand attaining the world's highest HDI in 1913. Staple exports invigorated the land market, diffused rural land ownership, and fostered intensive growth. The gains from higher land prices spread widely, but land market volatility also created instability. New Zealand had the world's highest GDP per capita in 1938, but she experienced long swings in her growth rates. Dramatic swings in rural land market activity engendered by the pastoral boom contributed powerfully to a long depression in the 1920s; subsequently a new monetary regime facilitated fast recovery.
Whether or not staple exports provide a route to prosperity has been keenly contested by historians and development economists. Here we add the case of New Zealand's refrigerationrelated pastoral export boom to the debate, and consider the implications for both intensive growth and economic instability. Much of the wider debate evolved from discussions of Canadian economic development stimulated by Innis and Macintosh. 1 Chambers and Gordon modelled staple-led growth by postulating that prairie land rents in the case of Canada's wheat boom can be used to measure the consequences for per capita income, but they denied the importance of staple exports for intensive growth. 2 Others, including Altman, Caves, Green and Sparks, and Schedvin contend that economy-wide productivity was augmented by Canada's wheat boom, and these analysts argue that higher labour utilization, immigration-linked scale economies, and induced technological progress promoted intensive growth; effects which are not captured by Chambers and Gordon's model. 3 Another strand of the staple export-led growth debate highlights inimical connections with income inequality. Baldwin for example argued that cotton states in the USA were caught in a 'staple trap' associated with uneven income distribution. 4 More recent analyses, including those of Huff and Williamson have shown that the late nineteenth and early twentieth century staple export booms deterred industrialization, and set in motion powerful forces of inequality in the natural resource abundant economies of the periphery, by depressing wages relative to land rents, which were barriers to economic development. 5 Apart from those elements of the Canadian historiography which argue that staple exports augmented economy-wide productivity, the staple export-led growth hypothesis has not fared well over recent decades. New Zealand has been largely excluded from the modern debates, although Schedvin argued that she became caught in a 'staple trap'. 6 His interpretation lays stress on the post-1945 growth record of New Zealand when insular protectionist policies influenced her economic structure and efficiency.
Our case study of New Zealand for years to 1939 casts the staple export-led intensive growth hypothesis in more favourable light, although the Dominion's heightened prosperity was accompanied by instability. In particular, we show that the effects of New Zealand's post-1890 refrigeration-related pastoral export boom strongly raised both farming and manufacturing productivity. Patterns of land ownership were transformed, with the consequence that the higher rental incomes generated by staple exports spread widely. New Zealand's land market, though, was volatile, and the social depth of land ownership engendered by the export of refrigerated staples meant that land market instability was translated into wider macroeconomic instability.
The form of staple exports promoted by refrigeration was important in raising economy-wide productivity. When staple exports were dominated by wool in the years to 1890 New Zealand's intensive growth prospects appeared less strong.
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Prior to the refrigeration era New Zealand's economic activity focused on the South Island and on the export of wool from the great estates using farming methods that needed relatively little labour. Average incomes per capita in the Dominion around 1870 were high compared to the rest of the world, but falling and the prospects for economic development appeared uncertain. 7 Immigration was encouraged in the 1870s by a policy of assisting passage, and by public works -notably railway building. 8 Yet by the end of the 1880s New Zealand experienced net emigration, urban unemployment, discontent surrounding sweated conditions in the clothing trades, and an unrequited hunger for land among the settlers. Much of New Zealand's historiography for the years from 1890 highlights the role of refrigeration-related pastoral exports in transforming her economic prospects, which led, for example, to the Dominion attaining living standards measured by the HDI that ranked first in the world in 1913. 9 In New Zealand, the opportunities of refrigeration led to a distinctive staple export boom, of dairy and meat products, which increased the cultivated area and the size of the Dominion's economy. 10 Our objectives are to gauge how much intensive growth was also promoted by New
Zealand's pastoral export boom, and to consider whether or not the boom created instability.
There are several possible reasons why refrigeration-related pastoral exports raised incomes per capita. Dairying or mixed farming led to more intensive land use, and to higher farm productivity. Moreover, the shifts in farm production away from wool to dairy and meat were accompanied by organizational moves to smaller farms and wider-spread land ownership, which set New Zealand apart from, for example Uruguay and the Argentine, and more even income and wealth distribution stimulated a broadly-based enterprising economy in the Dominion. 11 Finally, dairy production and meat freezing involved substantial off-farm processing, and in the case of butter and cheese this was associated with large-scale co-operative factories, which raised manufacturing and distribution productivity. However, the pastoral export boom also heightened the volatility of the rural land market. A distinctive characteristic of New Zealand was the extent that the optimism generated by the refrigeration-related pastoral boom was capitalized into higher land prices in the years to 1920. Subsequent fluctuations in rural wealth may have translated into wider economic instability, most especially during the 1920s when land transactions and prices fell.
In 1938 New Zealand's GDP per capita, adjusted for purchasing power parity, was the highest in the world, but the Dominion's development was accompanied by long swings in economic growth. 12 Real GDP per capita fell in the years to 1890, when wool dominated staple 14 Technological changes promoting dairy product and frozen meat exports from New
Zealand transformed the farming landscape, patterns of land ownership, and the organization of manufacturing in the Dominion. Four strands of evidence are used to address our two key objectives, and to gauge the connections between refrigeration-related pastoral exports, and both the prosperity and the instability of New Zealand's economy. These are the growth of farm productivity; rural land rental values compared to GDP per capita; the size and the productivity of the manufacturing sector; and the relationship between GDP per capita and the forces causing its longs swings, using a modern time series approach. The rise of dairying and meat farming invigorated the rural land market, created closer settlement, and led to more intensive land use and higher farm productivity. Before 1890 there were strong barriers to closer settlement, connected in the South Island to the extensive wool-sheep holdings of alleged land monopolists, and in the North Island to the less penetrable landscape and the hostile Maori. Land policy, and debate surrounding how to promote more intensive settlement, dominated New Zealand's political economy during the 1880s. 15 Expansion northwards of the farm frontier during the refrigeration era after 1890, supported by the subdivision of estates in the south, broke the land congestion.
Land monopoly was associated in New Zealand with estates in excess of 10,000 acres, but these accounted for only 3.5 million acres of occupied land in 1910, compared to 7.8 million acres in 1892. 16 One contemporary analyst noted that New Zealand might have developed on the South American model, characterized by extensive pastoral farming closely connected to the large-scale industrial processing of foodstuffs. 17 Yet by 1920 small and medium farms dominated, with 44.1 per cent of holdings being in the 100-1000 acre range. 18 Public policies, including a graduated land tax and compulsory repurchases, were directed towards dismantling the great estates, and they reinforced the effects of the dairy and meat export boom in promoting closer settlement. The mean size of non-Crown pastoral lease farms fell from 489 to 353 acres between 1881 and 1906, although there was regional variation. 19 Dairy farms, for example, were smaller, with a mean of 162 acres in 1925. 20 The moves to closer settlement had important implications for rural land market activity and farm productivity.
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Selling land was cheap and simple in New Zealand after the Torrens system of land registration was adopted in 1870. 22 Registration at a land office provided secure title at low cost, million acres in 1939. 25 The cultivated area does not equate identically to occupied land or farmland in New Zealand since pastoral farming was also undertaken on native grassland, especially on the high country wool farms of the South Island. However, the extension of the cultivated area was central to the rise of refrigeration-related dairy and meat farming productivity. More intensive farming methods utilizing better quality sown grasses increased the numbers of animals per acre, and raised the yields from individual animals. 26 By 1939 there were 31.3 million sheep and 4.6 million cattle in New Zealand, and 1.6 million people. 27 The sheep flock increased less quickly, and its size fell relative to the human population, but the flock's growth exceeded that of occupied land. The composition of the sheep flock also shifted, away from breeds most prized for their wool to those valued for their meat, which realized the higher financial returns for farmers during the refrigeration era. Gauging the rise in rents, measured here by de-capitalized land values, associated with the staple boom requires that its start year is defined. New Zealand's dairy exports were modest prior to 1890, partly because of technological and shipping capacity barriers. Frozen meat was first shipped from New Zealand in 1882, and meat export values initially led those of dairy products. However, the rural land market remained fragile during the 1880s, especially during the banking difficulties of 1888. Export prices, see Figure 2 , as well as land prices began their long upswing in the early 1890s; and using 1890 as the start date for the refrigeration-related pastoral boom is appropriate, and avoids the possible bias of unusually depressed land prices in earlier years.
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The price of cultivated land was substantially higher than the average price of country land, which includes great areas of upland grazing. One approach to measuring the price of cultivated land (which in New Zealand principally comprised sown grasses) involves using the occasional data available for dairy farms. Following the boom surrounding World War One dairy land prices in New Zealand stabilized at around £46.3 per acre in 1925. 31 The estimates of average land prices in Figure 2 are used to project this benchmark price to the years shown in Table 3 .
The land price data in conjunction with the estimates of the cultivated area show how the nominal value of cultivated land rose in the Dominion during the pastoral boom years. 32 Rental values, as measured by cultivated land values de-capitalized by the mortgage rate, are also shown. While land rents were the dominant force behind aggregate income per capita growth during the years of the refrigeration-related pastoral boom, it should be remembered that our measure of rent encapsulates a variety of possible forces related to staple exports, including elements of investment and work that were capitalized in higher land prices. The results though show how profoundly the post-1890 staple export boom influenced New Zealand's income per capita by transforming the farming economy, which was reflected in the rise in the value of cultivated land. Subsequently, the decline in rental values during the 1920s was associated with a fall in GDP per capita. We will return to the issue of instability later, following a more detailed look at the implications of refrigeration-related pastoral boom for the manufacturing sector. 35 Further, there was a marked rise in the share of manufacturing employment that was in factories, much of it connected to processing refrigerated products.
Hawke estimated the relative shifts of factory and handicraft employment in New Zealand. 36 He reported that 'industrial', namely factory employment rose from 10.2 per cent to 13.3 per cent of overall employment 1890-1925. The fastest growth of factory employment over these years was for primary product processing. Meat freezing and dairy products combined accounted for 11.6
per cent of factory employment in 1938, compared to 7.2 per cent in 1890.
Factories are defined in the Dominion's statistics to include manufacturing establishments employing at least two workers, but various crafts, including bakeries, butchers, and smithies were explicitly excluded from the returns. 37 The censuses, and subsequently the annual statistical reports of factory production, show gross production values, and sometimes the cost of materials used, in addition to employment, and provide a basis for measuring manufacturing productivity. Overall, factories employed 25.6 thousand in 1890, with a gross output of ₤8.8 million, or ₤343.8 per head. By 1938 gross factory output per worker had risen to ₤629.3, in 1890 prices, and employment to 102.5 thousand. 38 Manufacturing labor productivity 1890-1938 thus rose by 1.27 per cent per annum, to match near exactly real GDP per capita growth in the Dominion.
Our particular concern lies with estimating manufacturing productivity for meat freezing and dairy products, to gauge the productivity spill over of the pastoral boom. Together, these sectors accounted for around 12 per cent of factory employment in 1938, while they accounted for 42 per cent of gross manufacturing output, and 16 per cent manufacturing value added in the same year. The increased importance of dairy factories and of freezing works heightened the size and the scale of factory production in New Zealand, and led to higher productivity, see Table 4 . Co-operative dairy factories in New Zealand, though, were large by international standards, and averaged, for example, three to four times the output volumes of Wisconsin creameries and cheese factories by the 1920s. 42 Russell and Macklin also show scale economies were realized in New Zealand dairy factories; they estimate butter production costs ranged from 3.9-7.7 cents per pound, depending on plant size, and they emphasized the degree of factory rationalization within the Dominion compared to Wisconsin. 43 Average dairy factory output volumes in the Dominion were 760,928 pounds in 1928, compared to 85,904 in 1890. 44 The largest New Zealand factories in the Waikato region produced around 6 million pounds of butter annually in the mid-1920s, whereas at Barron, Wisconsin, the largest plant in the USA, capacity was around 2.5 million pounds. 45 Gross output per worker in New Zealand dairy factories in 1890 prices rose from ₤553.5 in 1890 to ₤3904.7 in 1938, an average of 4.2 per cent per annum, although valued added per worker grew less quickly.
The New Zealand system of dairy mass production integrated farm and factory operations. Most importantly, the process of cream separation shifted to a large extent from the factory to the farm. Home-based cream separation reduced transport costs, especially in the areas where wheeled transport was difficult. The challenge for the factories was to ensure the quality of their farm-produced supplies. As on-farm cream separation grew after 1905, so did the testing of the supplies to the factories, and tests became compulsory in 1914. 46 By 1935 95 per cent of cream separation took place on the farms, and the higher value of the materials supplied to the factories partly explains why their value added grew less quickly than gross output. 47 Additionally, co-operative dairy factories paid relatively high prices to farmers for milk and cream during the 1930s, and the ratio of factory value added to gross output fell from 16. During the pastoral boom higher productivity spilled from the farm to the factory. Since New Zealand dairy farmers by the 1920s also received 81 per cent of the London wholesale price of butter, transport and distribution was also carried out efficiently. 48 In some respects distinguishing between the farm and the factory is invidious under New Zealand's system of mass producing dairy products. Heightened dairy production was made possible by smaller farms and the (year round) cultivation of grass, but also by machine-milking, and the on-farm centrifugal separation of cream. Machine-milking forged ahead more quickly in New Zealand than in the USA, and was quickly incorporated with the direct transfer of milk to the receiving tanks of farm-based machine-powered cream separators. 49 The large co-operative dairy factories were supplied by their farmer-owners, and mass produced standardized high quality butter and cheese. This modest estimated manufacturing productivity-increasing effect of the pastoral boom stems from the relatively low employment within dairy and meat factories, and the narrow productivity growth differential between manufacturing and the wider economy. The results, though, show that New Zealand's staple export boom raised factor returns in manufacturing, and increased the size of the factory sector in New Zealand. It is likely that productivity in transport and distribution was also raised by the pastoral boom. Nevertheless, the principal returns from staple exports took the form of higher returns for landowners. These were considerable, and had powerful income and wealth distribution effects within New Zealand. 51 The rise in the social depth of land ownership stimulated in the Dominion by the pastoral boom meant that the gains from rising land prices to 1920 spread widely. Next we consider the implications for economic instability.
V A staple export boom, by raising farming and manufacturing productivity, underpinned New
Zealand's internationally high GDP per capita in the years to World War II. Now we consider how the pastoral boom drove the long swings in the Dominion's economic growth and, in particular, contributed to the long depression of the 1920s. Most analyses of instability among primary producers emphasize the de-stabilizing role of exogenous export price shocks. 52 Much of New Zealand's historiography highlights the importance of the terms of trade for the contours of the Dominion's prosperity. 53 The perspective offered here differs, and lays more stress on the endogenous forces set in motion by the pastoral boom, connected to rural land market volatility and farm productivity, in shaping the long swings in New Zealand economic growth.
There are several possible, inter-twined links between the volatility of the rural land markets and the long swings in New Zealand economic growth. Contemporaries blamed 'landtrafficking' for over-inflating the land market and causing the long depression around the 1920s. 54 Land market volatility directly influenced the net wealth of the rural economy, and shifts in the land owners' prosperity transmitted to the wider economy via their spending. 55 The economic fortunes of a substantial proportion of New Zealanders, around 28 per cent of the occupied population were farmers and 44 per cent of the population lived in rural areas in 1921,
were directly tied to the vagaries of the rural land market. The contention investigated here is that the source of New Zealand's prolonged 1920s depression principally resided in the volatility of her rural land market.
The terms of trade had unusually powerful effects on the land rental-wage ratio in New Zealand, with a magnification factor of around two. 56 Thus, the Dominion's farmers' productivity advantages tended to be capitalized in the form of higher land values. 59 Indeed, Russell and Macklin argue that speculation in dairy land in New Zealand was very much worse than in Wisconsin, and even went further than in the US corn-belt. 60 They estimated for 1925 that dairy land values in
Wisconsin were two-thirds of the New Zealand level, and that land value interest was 37.5 per cent of total dairying costs in New Zealand, but only 22.2 per cent in Wisconsin. The Dominion capitalized its efficiency advantages into higher land values, which did not realize returns to the farmer unless the land was re-sold at a higher price.
There are many citations to debt-ridden farmers walking off their lands, and in 1927 New
Zealand experienced the highest outflows of migrants since the pre-pastoral boom decade of the 1880s. 61 However, land under cultivation rose slightly in the 1920s, and Hussey and Philpott estimate that farm output volumes rose by 33 per cent 1921-29. 62 Farmers during the 1920s generally kept producing, and in greater quantities, but their spending was constrained by a reduction in their net wealth and by their inability to sustain their accustomed route to financial success, selling land.
The troubles of the farmers had potentially damaging implications for other sectors of the economy, which were not offset by distributional changes in the 1920s which benefited non-farm incomes. The wage-rental increased, but urban wage earners gained little as real wages in the Dominion stagnated along with real GDP per capita in the 1920s. 63 If the land market collapse depressed New Zealand's real GDP per capita through the long depression of the 1920s, it also depressed real wages, and the troubles of the farm sector spilled to the urban economy.
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In combination, land market volatility, wider spread land ownership, and higher farm productivity possibly set in motion powerful forces which drove the long swings in New Table 5 show that the null of non-stationarity is not rejected at conventional significance levels for any of the variables. A cointegrating relationship exists between all the candidate variables other than cultivated area per capita, see Table 6 . The statistical results show that long swings in New Zealand's economic growth were driven by farm productivity, land market volatility, export prices, monetary conditions, income distribution, and public spending. The absence of a discrete role for shifts in the cultivated area is puzzling, but may have been caused by the inclusion of direct productivity measures in the model. Land in cultivation, principally sown grasses, certainly influenced farm productivity. Farm productivity itself, measured by cattle and sheep per capita did move with real GDP and the other significant variables in the cointegrating relationship. The particular concern here is to make use of the estimated cointegrating relationships to understand the forces shaping New Zealand's long depression of the 1920s. On the basis of endpoint estimates, real GDP per capita growth averaged -0.18 per cent per annum over the years 1911/13-27/28, and the chief negative influences, see Table 7 , were the declines in rural land transfers, export prices, land prices, sheep per capita, and money. The long run coefficients were estimated within a mutivariate framework, but they offer a guide to the force of the various adverse influences on real GDP per capita during the long depression. Ostensibly, the land market related variables, the volume and the price of land transfers, had the most substantial adverse effects, but care needs to taken when interpreting the role of land prices.
In the long run increases in the wage-rental ratio are associated with higher real GDP per capita. The rise in the wage-rental ratio was thus a positive growth influence in the 1920s, whose net effect was diminished by the offsetting effects of lower land prices. On balance, therefore, relative factor prices shifts did not exert an especially powerful force on falling GDP per capita growth in the 1920s. Neither did farm productivity, although Condliffe's instincts of faltering farm productivity gains some support. The positive effects of rising numbers of cattle per capita were offset by lower sheep numbers per capita, and the overall effect is that lower "productivity" diminished slightly real GDP per capita. Lower real export prices had clear adverse effects, but the restoration of the public works programmes after World War I is associated with higher real GDP per capita. Money was essentially neutral over the years 1911/13-1927/29, its substantial effect was during the 1930s. 66 Overall, the collapse of rural land market transfer volumes is shown as the most potent depressing influence of the 1920s. Table 8 . 67 Two influences are shown to lead real GDP per capita, namely farm productivity as measured by cattle per capita, and rural land market activity indicated by the volume of transfers. In the context of the long depression, the results above in Table 7 Table 9 . This decomposition separates the variation in an endogenous variable into the component shocks to the VAR. Thus, the variance decomposition provides information about the relative importance of each random innovation in affecting all the variables in the VAR. 68 Other than the impact of real GDP per capita innovations on itself, the two most powerful forces are shown as the volume of land transfers and the narrow measure of money. Money has powerful effect, but most of the variation in the money variable was in the 1930s, and we show elsewhere that the effect on real GDP per capita then was powerful. 69 Otherwise, the variance decomposition reinforces the finding that the volume of land market activity had powerful effects on New Zealand's real GDP per capita, and, in particular, on the long depression surrounding the 1920s. The productivity gains associated with staple exports spread beyond the farm sector. Rather than crowd out manufacturing, New Zealand's pastoral export boom increased factory-based employment. Pastoral product processing promoted a shift in New Zealand from handicraft to factory-based manufacturing, and was associated in meat freezing with a rise in corporate enterprise, and in dairying with co-operatives. The scale and the productivity of the freezing works rose sharply after 1890. Further, a distinctive New Zealand system of dairy products mass production which integrated the farm and the factory, and facilitated efficient marketing emerged.
The closer settlement of New Zealand led to higher farm productivity, but also heightened land market activity. The land market boom 1890-1920 was labelled by contemporaries as 'landtrafficking' with land sales frequently forming part of farmers' returns. Land market volatility was a powerful force for instability, given the rise in the social depth of landownership during the pastoral boom. A central theme in New Zealand's economic history highlights the vulnerability of the Dominion's economy to external shocks, particularly those connected to export prices. Our perspective differs, and emphasises that farmers' efficiency or revenue advantages were capitalized into higher land prices. The statistical results show that the collapse of rural land transactions after 1920 led to prolonged depression. New Zealand's economic development shows that export staples can provide a strong positive stimulus to intensive growth. What was distinctive about New Zealand was the extent that refrigeration-related staple exports promoted deep changes in economic organisation and efficiency that heightened economy-wide productivity. Not all staples have the capacity to stimulate economic transformation. The prospects for transforming the rural landscape, intensifying settlement, and raising farm productivity were modest when wool dominated New
Zealand's staple exports before 1890. Refrigeration not only made possible higher land productivity but stimulated factory employment to process dairy and meat products, to benefit productivity further. In 1938 New Zealand was a remarkably prosperous economy. The decisions thereafter to promote broadly-based industrialization by insular protectionist policies can be linked to beliefs in the Dominion that staple exports were associated with instability, although contemporary diagnosis laid more stress on outside forces than on the effects of home grown land market volatility.
